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A COMPARISON OF THE AERIALS USED DURING 
THE UoHoF„ TELEVISION SURVEY OP 1957/8 

SIMMART 

The three Bsuid V aerials used during the Band I/Baad V comparison tests are 
described and their performances are compared; comparisons with a dipole are also 
included. The relative effect of small changes in aerial position, and the factors 
governing the choice of aerial at any given site, are discussed. 

1. INTRODUCTION 

From November 1957 until August 1958 a survey'"' was carried out under the 
auspices of the Technical Sub-Committee of the Television Advisory Committee and the 
B.B.C. to assess the potentialities of the ultra-high-freq.uency Band V (610-960 Mc/s) 
for television broadcasting. A transmitter and aerial system were installed at the 
B.B.C. transmitting station at Crystal Palace and measurements were made in eight 
sectors around the transmitter. As its contribution to the survey, the B.B.C. made 
measurements in four of the eight sectors, using a mobile laboratory* equipped to make 
subjective assessments and objective measurements of the Band Y signal. The tests 
were carried out twice; first (Series A) with the Band Y transmissions conforming to 
the U.K. 405-line standard and then repeated (Series B) using the C.C.I.R. Western 
European 625-line stemdard. A large range of signal field strengths was encountered, 
and three aerials of different gains were carried to accommodate this range. Most of 
the tests were carried out using the least complex aerial that would produce a satis- 
factory signal, but at some sites comparisons between the signals received with differ- 
ent aerials were made and it is the restilts of these tests which are discussed in this 
paper. Because of the limited time available, these comparisons could be made at only 
a few sites, and it is therefore possible to indicate only qualitatively the relations 
between the various aerials. 

The method of use of the aerials is important, because the technique employed 
differed from that which is customary when making measurements of radiated field 
strength, or when measuring the plane— wave gain of aerials. In the tests to be 
described, the positions of the aerials were determined entirely by the quality of the 
received picture and, as a result, different aerials may have differed in performance 
from that vA.ich would be indicated by measurements of plane— wave gain. 



2. THE AERIALS 

The aerial assemblies used were produced by a manufacturer specifically for 
the Band I/Band V tests. The basic element out of which they were made was a Yagi 
array consisting of four directors, a folded dipole, and a wire-mesh reflector. 



A single array (Fig. 1] was used in areas of high field strength, and double and 
quadruple arrays (Pigs. 2 and 3) were used in areas of low field strength in order to 
obtain higher gains. These stacked arrays also gave greater discrimination against 
unwanted echoes and were sometimes used for this purpose when the single array was 
inadequate in this respect. Figs. 4 and 5 show the horizontal and vertical radiation 
patterns of the single array, while Pigs. 6 and 7 show the horizontal radiation patterns 
of the double and quadruple arrays; these patterns (which were measured by the Aerial 
Section of Research Department) refer in each case to the aerials as they were received 
from the manufacturers. The aerials as used in the principal series of tests were 
calibrated for field strength measurement by the Field Strength Section of Research 
Department, who foxmd that the double array had a gain of 3 dB relative to that of the 
single array, vftille the quadruple array had a gain of 2 dB relative to the double array. 
The figure of 2 dB was obtained after the matching of the double array had been 
improved as described in Section 5=1.- 

In the principal series of tests the TmbalanGed coaxial feeder was connected 
directly to the aerial. A second set of aerials in which this connection was made 
through a balance-to~unbalance transformer (Balun) was also carried, this transformer 
taking the form of a quarter^wave matching section (Pawsey stub). 

To determine the effect of the directional properties of these aerials a 
single dipole was also available. 



3. NATURl OP TESTS 

Three groups of tests were carried outs 

(i) Comparison of the aerials with and without the balance-to— 
unbalance transformer (Section 5o 1) . 
(ii) Comparison of aerials having different gains (Section 5.2) . 
(iii) Comparison of the aerials with the dipole (Section 5c3)o 

Because variations in field strength with position were sometimes sufficiently 
great to cause a small displacement of the aerial to have a considerable effect on the 
received signal, the aerials under test were placed in turn as nearly as possible in 
the same position so as to sample the same region of the field patterns. The final 
position of the aerial was determined, however, as much by rejection of undesired 
reflections by the minima between minor lobes as by the directivity of the major lobe 
itself. Bach aerial was finally oriented so as to obtain the best picture, taking 
into account factors such as multiple reflections ("ghosts") and noise level. In some 
cases, therefore, the aerials being compared may have been directed on slightly 
different bearings. In the cases of the low- and medium—gain aerials the procedure 
adopted was to mount both the arrays on the mast at the same time, but pointing in 
opposite directionSj the aerial to be tested being selected by rotating the mast. 
Because the weight of the high— gain array was too great for this technique to be used 
the mast had to be lowered between tests to change the aerial, and the re— positioning 
accuracy was consequently less. In the first group of tests, aerials of the same 
size were under comparison and they could be positioned with reasonable accuracy, but 
vh.en. aerials of differing sizes were used it was not so easy to ensure that equivalent 
positions were used. 
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Fig. ^ - Horizontal radiation 
pattern of single array 

Stancii ng- wave ratio using 70-ohm cable -0-5 



Fig. 5 - Vertical radiation pattern of 
single array 





Fig. 6 - Horizontal radiation 
pattern of double array 

Stanci ing-wave ratio using 70-ohm cable - 0'26 



Fig. 7 - Horizontal radiation 
pattern of quadruple array 

Stajidi ng-wave ratio using 70-ohm cable - O'M-2 



TABLE 1 
Scales used for Subjective Assessment 



Score 


Scale 1 


Scale 2 


1 
2 
3 

4 
5 
6 


Imperceptible 
Just perceptible 
Definitely perceptible but 

not disturbing 
Somewhat objectionable 
Definitely objectionable 
Unusable 


Excellent 
Good 

Fairly Good 

Rather Poor 
Poor 
Very Poor 



4. METHOD OP MEASUREMENT 

The received signal, which consisted either of normal programme or of 
special films and slides, was displayed on a high— grade picture monitor and its 
characteristics were assessed by two independent observers, who used the scales shown 
in Table 1 to record their results. 

The input e.m.f. to the receiving chain was measured during each test: the 
aerial was replaced by a signal generator, and the output (a square— wave modulated 
carrier) was adjusted until the amplitude of the demodulated square wave, observed on 
the waveform monitor, was equal to the d.a.p. of the incoming signal. The measurements 
were thus independent of the characteristics of the receiving chain, but their absolute 
accuracy would have been affected by any changes in the depth of modulation of the 
transmission. The depth of modulation was assumed to be lOOjt, Ratios of e.m.f., 
however, were not subject to such an error. A decibel scale was used, relative to 
an e.m.f. of l/xV. 

5. EXPERIMENTAL RESULTS 

5.1. Effect of Balance-to-unbalemce Tremsformer 

The tests of the effectiveness of the balance— to— unbalance transformer were 
made using the meditim— gain aerials. As received from the manufacturers the aerial 
fitted with the transformer was found to have a standing-wave ratio (s.w.r.) of 0«5, 
*Aiile the aerial without a transformer had atn s.w.r. of 0'!36. These aerials were 
compared at a height of 30 ft (9'1 m) using 40 ft (12*2 m) of coaxial cable. 

TABLE 2 

Comparison of received signals using aerials with 
and without balance-to— unbalance transformer 



Type of 


Subjective Assessment 
















Aerial 


Noise 


Flutter 


Picture 
sharpness 


Picture 
brightness 


Contrast 
range 


Sound 
quality 


Overall 


(a) without Balun 


4.4 


1-5 


3-5 


1-8 


2-3 


1-9 


4-6 


(b) with Balun 


3-8 


1-1 


2-4 


1-4 


1-9 


1-4 


3-9 


Difference (a-b)* 


0*6 


0*4 


1-1 


0-4 


0-4 


0-5 


0-7 


Do observers 
















agree to within 
















0'5 grade? 


Yes 


Tes 


No 


Tes 


Tes 


No 


Tes 



*A positive difference means that the aerial with Balun is superior. 



Table 2 shows the means of the subjective assessments of five tests using 
each of the two aerials. Most of the improved subjective gradings, obtained for the 
picture received with the aerial fitted with a Balun, could be attributed to the better 
signal— to— noise ratio obtained with this aerial. This and the improved assessment 
of flutter were most probably due to the better impedance matching. This would reduce 
the sensitivity to vert ically^polari zed signals received on the downlead. Each of the 
two aerials was, therefore, fitted with a screened matching network (this can be seen 
attached to the right-hand array in Pig. 2), and each assembly was adjusted to have a 
standing-wave ratio better than 0*9. Sixteen fiirther sets of objective and subjective 



tests were carried out, ten with the screening box of the matching unit connected to 
the wire screen of the aerial and six without this connection. No significant 
difference was foimd between the two aerials (with and without balance-to-unbalance 
transformers) in these tests. Thus it would appear that the differences shown in 
Table 2 were probably due to the aerial matching rather than to the balance-to— unbalance 
transformation. 

These results are in accordance with those obtained by Monteath and Knight. 

5.8 Comparison of Aerials of Differing Gain 

5.2.1 High-gain (quadruple array) and Medium-gain (double array) Aerials 

The medium— gain and high-gain aerials used for this comparison were those 
which were not fitted with a balance-to-unbalance transformer. All the tests involving 
the high-gain aerial were carried out at sites where the medium-gain aerial was 
unsatisfactory, and under these conditions, as can be seen from Table 3, there was a 
significant improvement in the overall subjective assessment when the medium-gain aerial 
was replaced by the high-gain assembly. The table shows the average improvement 
over all the ten tests that were made. 



TABLE 3 

Comparison of signals received with high-gain 
and medium-gain aerials 



Type of 
Aerial 






Subjective 


Assessments 






Noise 


Static 

multiple 

images 


Moving 

multiple 

images 


Flutter 


So\md 

background 

noise 


Picture 
sharpness 


Overall 
assessment 


(a) medium-gain 


4-6 


2-9 


1-2 


2-3 


1-8 


2-3 


4-4 


(b) high-gain 


4-0 


3-0 


1-1 


1-6 


1-4 


2-1 


3-8 


Difference (a-b)* 


0-6 


-0-1 


0-1 


0-7 


0-4 


0-2 


0-6 


Do observers 
















agree to within 
















0'5 grade? 


Yes 


No 


No 


Tes 


Yes 


No 


Tes 



*A positive difference means that the high-gain aerial is superior. 



Apart from the improvement in the picture quality due to the lower noise level, there 
appears to be a significant reduction in the amount of flutter. Flutter is caused by 
the reception of reflections from moving objects, usually aircraft flying near to 
the receiver. The narrower beam (in the vertical plane) of the quadruple aerial is 
presumably responsible for the reduction observed. In connecticm. with this effect it 
may be noted from Table 3 that the two observers disagreed on the grading of multiple 
images (static and moving) but agreed on the grading of flutter. 



The ratio of the gains of the two aerials, when measured under \miform-field 
coaditions, was2'0 dB (see Section 2), but the ratio of the e.m.f.s obtained with these 
aerials during the site tests was 5*0 dB, with a 3 do standard deviation about the mean. 
It should be stressed that the sites chosen for these comparisons were ones at which 
the medium-gain aerial was unsatisfactory. Although this means that the difference 
obtained between the aerials may not apply to receiving sites in general, it does indicate 
that in situations where the medium-gain aerial is unsatisfactory the advantage result- 
ing from the use of the high-gain aerial is likely to be at least that indicated by 
plane-wave measurements. 

5.2.2 Medium-gain (double array) and Low^gain (single array) Aerials 

Five tests were carried out, in regions of comparatively high field strength, 
involving the use of the medium— and low^gain aerials without balance-to— unbalance 
transformers. The agreement between the subjective observers was much closer than in 
the case of the comparison of the medium— and high— gain aerials. The results are 
given in Table 4. As would be expected, the low-gain aerial produced a picture which 
was noisier and more subject to multiple— image effects (due to its wider horizontal 
acceptance angle) than that obtained when using the medium-gain aerial; these effects 
were not, however, severe enough to cause a significant degradation of the overall 
tiuality of the picture. 

The average ratio of the e.m.f.s from the two aerials was 3 dB, which agrees 
with the value obtained by measurements under uniform-field conditions (see Section 2). 



TABLE 4 

Comparison of signals received with low^gain and 
medium-gain aerials 



Type of 
Aerial 


Subjective Assessment 


Noise 


Static 

multiple 
images 


Pattern 
Interfereace 


Overall 
Assessment 


(a) low^gain 

(b ) medium-gain 
Difference (a-b)* 
Do observers agree 

to within 0' 5 grade? 


2-7 
2-1 
0-6 

Yes 


2*9 
2-3 
0-6 

Yes 


1-4 
I'l 
0-3 

Yes 


2-0 
1"9 
0-1 

Yes 



*A positive difference means that the medium-gain aerial is superior. 

5.3 Comparison of the Test Aerials and a Dipole 

Comparisons between the mediiom-gain aerial and a dipole were made during both 
series of tests and the results are shown in Table 5 for Series A and Table 6 for 
Series B. It can be seen that both series of tests gave similar results, the dipole 
giving inferior pictures due to three effects; noise, due to its lower gain, and 
flutter and multiple images, due to its lack of directivity in both planes. The 




(a) 



(b) 



Fig. 8 - Pictures received at a site subject to severe multiple reflections 
(a) using dipole (b) using high-gain aerial 



magnitude of these effects varied greatly from site to site. At good sites a reasonable 
picture could be obtained vdth the dipole, while at other sites multiple images made the 
picture useless. Fig. 8(a) shows the received picture using the dipole at a 
particularly bad site. This site was only 4i miles (7'2 km) from the transmitter. 
Fig. 8(b) shows the picture received at the same site using the high-gain aerial, so 
that at such a site a high-gain aerial should be used in preference to one of medium gain. 

Variations in field strength with change of aerial position are caused by 
changing phase differences between the direct signal and the reflections from neighbouring 
objects. Because the dipole does not discriminate against these reflections, it was 
far more critical as regards the selection of an optimim position than were the other 
aerials. 

The ratio of the e.m. f.s obtained with the mediiun-gain aerial and with the 
dipole was 12 dB. 

TABLE 5 

Comparison of signals received with dipole and medium-gain 
aerials during Series A tests 



Type of 
Aerial 


Subjective Assessments 


Noise 


Static 

multiple 

images 


Flutter 


Overall 
Assessment 


(a) dipole 


3-0 


3-8 


2-6 


3-8 


(b) medium-gain 


2-4 


2-8 


2-0 


2-6 


Difference (a-b)* 


0-6 


I'O 


0-6 


1-2 


Do observers agree to 










within 0*5 grade? 


Yes 


Yes 


Yes 


Yes 



*A positive difference means that the medium-gain aerial is superior. 



TABLE 6 

Comparison of signals received with dipole and medium-gain 
aerials during Series B tests 



Type of 
Aeri al 


Subjective Assessments 


Noise 


Static 

multiple 

images 


Flutter 


Overall 
Assessment 


(a) dipole 

(b) medium-gain 
Difference (a-b)* 

Do observers agree to 
within 0*5 grade? 


3-0 
2-2 
0-8 

Yes 


2-6 
1-8 
0*8 

No 


1-5 
1-0 
0-5 

Yes 


3-4 
2-3 

Yes 



*A positive difference means that the medium-gain atrial is superior. 
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6. CONCLUSIONS 

As would be expected, an increase in the gain of the receiving aerial causes 
a corresponding improvement in the signal— to— noise ratio of the received picture, pro- 
vided the aerial is carefully sited for maximum signal. Moreover, an increase in the 
directivity of the aerial renders the variation of received signal with position less 
marked, so that the choice of the best position is less critical. The increase in 
output from the high-gain aerial as compared with that of a medium gain aerial was 
somewhat greater than would be expected from the ratio of the plane-wave gains. 

At some sites reception is possible on an aerial with poor directional 
properties, but in the majority of cases a directional array is necessary to discriminate 
against unwanted echo signals. Figs. 8(a) and 8(b) show the improvement that may be 
obtained by this method. 

No advantage is gained by the use of a balance— to— unbalance transformer 
between a directional aerial and the feeder, provided that the aerial is correctly 
matched. 



REFBRMCES 

1. "Television Field Trials of 405~line and 625-line Systems in the U.H.F. 
and V.H.F, Bands 1957-8", published by the B.B.C., May I960. 

2. "A Mobile Laboratory used in the U.H.F. Television Survey of 1957/8" 
Research Department Report No. T-074, Serial No, 1960/11„ 

3. Q. D. Monteath and P. Knight, "The Performance of a Balanced Aerial 
when connected directly to a Coaxial Cable", Proc. I.E.E. , Vol. 107, 
Part B, No. 31, January 1960. 



MV 



Printed by B.B.C. Research Department, Klngswood Warren, Tadworth, Surrey 



